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CHAPTER I 
INTRODUCTION 
Numerous investigations have been carried out in recent years on 
the problems of respiratory inhibition from azides and cyanides, 
Keilin *36, found that cyanide caused respiration inhibition by an 
interference with the enzyme-oxidation cycle. He further found that a 
concentration variation caused a corresponding degree of variation 
upon the frequency of respiration in the salmon and in yeast cells. 
In connection with his findings was the notation that a change in pH 
likewise caused a change in the respiration quantitatively. 
This portion of the investigation's work left additional possibili¬ 
ties for research on the problem of the effect of a constant concentra¬ 
tion of azide accompanied by a variation of the PH, This problem con¬ 
stituted the basis for this investigation. The time rates of inhibition 
between sodium azide and sodium cyanide, using a constant ,01 Molar 
solution of each and a variation of the pH was compared. 
This comparison was made on the respiration of the four day old 




REVIEW OF LITERATURE 
Stannard '39, working on the effect of azide on active muscle, con¬ 
tended that the pH of an azide solution was without effect upon the 
quantity of inhibition within the muscle. Keilin ’36, records a differ¬ 
ence in the inhibitory effects when there was a difference in the hy¬ 
drogen ion concentration. He compared the effeots of cyanide with those 
of azide and found that in many of the bio-chemical reactions in which 
cyanide took place a duplication of the results occured. He suggested 
that the differences in pK's of azide and cyanide at changing PH values 
accounted for the difference in their effects upon respiration. 
Armstrong and Fisher '40, believed that in a solution of sodium azide 
an increase in the concentration of the hydrogen ions would, because of 
the common ion effect, increase the concentration of the free hydrazoic 
acid. They further suggested that the degree of inhibition was determined 
not by the total azide concentration but, by the concentration of the 
free acid. 
To test this hypothesis, it was necessary for them to show that the 
inhibition produced was quantitatively characteristic of the acid con¬ 
centration and not the azide concentration. They showed that the con¬ 
centration of free acid could be calculated with sufficient accuracy 
using the Henderson-Hasselbalch equations 
(Na Nr) 
pH s pK / (HNj 
pK = 4.7 at 25° G 
= 5.0 " 6° C 
a Negative log of dissociation constants for 
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hydrazoic acid at these temperatures, 
Stannard ’39, pointed out that in the active muscle cell, ionization 
did not interfere with the penetration, so that both acids and salts 
could enter. Based upon this assumption this investigator was of the 
opinion that the effect of the pH change with the azide was not a pro¬ 
perty of the enzyme system but rather, the cell membrane enclosing the 
system. He further stated that there appeared two possible respiration 
routes running somewhat parallel to one another» Both included the cy¬ 
tochrome system, which was both azide and cyanide sensitive. 
According to Howard '31, in the case of a living cell exposed to a 
penetrating acid and its salt, conditions being such that the salt was 
unable to penetrate, the internal reaction of the cell would be influenced 
by the absolute concentration of the acid and not the pH of the solution. 
Results, which had been interpreted in this way and which supported evi¬ 
dence to the relative impermeability of cells to salts, have been obtained 
for a variety of cells by Jacobs '20a, Beerman '24, Bodine '25 and Lillie 
»26-'27. 
Osterhout and Dorcas '26, investigated the penetration of carbon 
dioxide and hydrogen sulphide in a more quantitative manner on a parti¬ 
cularly favorable material, Valonia, with results which led them to be¬ 
lieve that it was only the undissociated molecules which penetrated and 
under ordinary conditions there did not seem to be any exchange of ions, 
Kapp '29, subjected the heart of the toad to a ,001^ sodium azide 
solution in isotonic Ringer's solution and found the effects toxic to 
the heart beat. She subsequently perfused the heart with sodium bis- 
sulphite in Ringer's solution and found that its effects were not antag- 
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onistio to the toxic effects of sodium azide in Ringer's solution» 
Pucker '28, found that a solution of «01 part sodium cyanide per 
one thousand parts isotonic Ringer's solution toxic to the heart heat 
of the toad, hut with subsequent perfusion with sodium bisulphite a 
beneficial effect from the toxic results produoed by the cyanide was 
observed* He accredited this antagonistic effect to an inorease in 
sodium ions and not bisulphite ions* 
Ikeda '30, investigated the permeability of the egg membrane Oryzias 
latines and found that the osmotic pressure in the egg was 5/22 Molar 
artificial sea water and compared the vitelline membrane and the ohorion 
to that of a leakage membrane* The melanaphore response and the heart 
beat responses to external environment gave evidence that cations passed 
through and that anions did not* 
To gain a better understanding of the respiration process, the signi¬ 
ficant features are outlined below: 
When substances, such as succinic acid, laotic acid and glucose are 
oxidized in the body there results the energy required for the metabolic 
processes* The process of releasing this energy begins with an action on 
the substrate by some of the dehydrogenases* The latter releases two H- 
atoms from the substrate moleoules and substitute in their places, sub¬ 
stances known as H-carriers* These carriers aocept the two H-atoms by 
virtue of the fact that they are easily reversible oxidation-reductables* 
The H-atoms accepted by these carriers (cytochromes) are yielded to 
(reoxidized by) oxygen with the formation of water or hydrogen peroxide* 
This transfer of H-atoms may be carried out by a simple cellular pigment, 
flavin, or experimentally with such substances of a dye-stuff nature as 
methylene blue, or by a more complex and iron containing Warburg-Keilin 
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system, which in most cases is found in aerobic cells. The latter 
system is made up of one or more cytochrome components and idophenol 
oxidase (Atmungsferment or respiratory enzyme), which functions by means 
of the reversible oxidation-reduction of the iron. It is thought that 
the cytochrome, reduced by the' substrate-dehydrogenase systems does 
not react directly with oxygen; but it reduces the ferric form, which 
in turn, is reoxidized by oxygen. The indophenol oxidase therefore, 
need not be thought of as an activator of oxygen, but rather as the 
terminal link between oxygen and the substrate. 
Cyanide is thought to exert its poison effect on respiration by 
means of its combination with the iron of indophenol oxidase, thereby 
preventing the oxidation of cytochrome. The respiration remaining 
after complete poisoning of the system is thought to proceed through 
the first and more simple H-atom transfer through the cellular pigment. 
According to Korr *37, poisoning with cyanide, or not, and adding 
different amounts of a penetrating carrier would not only make it 
possible to vary the rates of respiration of fertilized eggs of the 
sea urchin, but also, to vary the relative proportions of respiration 
going through the simple carrier system and the cytochrome-indophenol 
oxidase system. 
CHAPTER III 
MATERIALS AND METHODS 
The embryos used in this experiment were those of the Oryzias 
latipes, or more commonly known Medaka. The fish were obtained from 
the Beldt aquarium in St, Louis, Missouri. This fish was selected 
because it was found to be a very hearty one and its spawning could 
easily be controlled when fed and handled carefully. Normally, from 
six to twenty eggs could be obtained from each female daily; tempera¬ 
ture and environmental conditions in general being normal to its natural 
habitat, (twenty to twenty-five degrees centigrade). 
The four day old embiyos possess a visible circulatory system and 
beating heart. At this stage of its development, it was subjected to 
a .01 Molar concentration of sodium azide and a .01 Molar concentration 
of sodium cyanide. The pH of these solutions was varied as follows: 
3.05, 3.50, 3.55, 4.48, 4.80, 5.30, 5.32, 5.90, 6.40, 6.65, 7.12, 7.95, 
8.50, 9.21, 9.60 and 10.41, for cyanide solutions; and 4.48, 4.65, 5.03, 
6.40, 6.65, 7.12, 7.15, 7.61, 8.76, 8.95, 9.60 and 11.40 for the azide 
solutions* All pH reading were determine by use of the Bechman pH meter. 
Extreme care had to be exercised in making up the solutions used since 
azide picked up moisture. Vihen this was noticed, the material had to 
be dried. 
The eggs, containing the four day old embryos, were observed in an 
observation chamber, which consisted of a depression slide covered by 
a microscope slide. The microscope slide was used for a cover since 
it was noticed that carbon dioxide exhaled caused a change of the pH 
in the chamber if it was allowed to remain uncovered. 
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All observations were made under the low power objective of the 
microscope (16 mm,). Before being subjected to the effects of the azide 
and cyanide solutions each egg was placed in a dish of distilled water, 
which was wormed or cooled to within two degrees centigrade of the water 
from which they were taken. This was done because Rubenstein and Gerard 
•34, noted that a variation in the temperature caused a chenge in the 
oxygen consumption of resting Arbacia eggs. After a period of five 
minutes the embryo heart beat frequency was determined five times. An 
average count was determined and this count was designated, the normal 
heart beat frequency, (MB)# 
The pH variations of the solutions used in this experiment were 
affected through the addition of necessary amounts of hydrochloric acid. 
Care had to be exercised to see that the solutions were stored in such 
a way so as not to cause a change in the concentration and pH of them. 
Glass containers were used, but a check of the pH was made before each 
experimental run. 
At intervals of every five minutes the'heart beat was determined. 
The experimental time was not in excess of twenty minutes except in 
unusual instances, i.e. an abrupt increase in the heart beat. 
CHAPTER IV 
RESULTS 
The effects of a pH variation on the inhibitory effeots resulting 
from sodium azide cyanide were observed and found to present marked 
evidence in support of the theory that the effects of azide as an in¬ 
hibitor are dependent upon pH, while those of cyanide are not# 
Graph I,- la and fig.l show the effects of sodium cyanide on the 
basis of fifty (50) experimental runs. There was not a definite in¬ 
crease or decrease in effects as compared with.a change in pH from 3.05 
to 10,41. The maximium inhibition was observed at a pH of 5.3 (35$~ 
94$) and the minimium amount at a pH of 6.65 (13$~45$). At a pH of 
10.41 the inhibition resulting was 20$—49$, while a pH of 3.05 showed 
S7%—76% inhibition. 
Graph II- lia and fig. 2. present a different picture for azide. A 
definite decline in respiration resulted when the pH of the inhibitor 
was changed from 11.4 to 4.48. The maximium inhibition was at a pH of 
5.03 (22$—78$) and the minimium was at a pH of 11.4 (2$~27$). 25$~ 
64$ inhibition was recorded at a pH of 6.4 while 3$—39$ resulted at a 
pH of 8.76. 
The cyanide inhibition of respiration was found to be somewhat more 
than that resulting from azide. On a whole it inhibited from 45$—95$ 
of the respiration, while azide inhibited from 25$ —79$. 
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CHAPTER V 
Discussion 
The fact that azide and cyanide caused marked inhibition of the 
embryonic heart of the Oryzias latipes within itself offers no definite 
grounds upon which the assumption can be made that the amount and exact 
nature of this inhibition could be similiar. 
It has been shown by the findings presented herein that there are 
conflicting opinions presented by different investigators as to the 
effects produced by axides and cyanides as well as the possible mechanism 
of the respiratory system affected. Numerous investigators believe that 
both azide and cyanide blocks the oxidation of cytochrome "c". 
The effect of pH noted with the azide on the embryonic fish heart 
in this work and its effects upon other intact cells as reported by the 
various investigators herein reported, seem to point to a permeability 
phenomenon because there was evidence substantiating the belief that the 
uncharged particles resulting from an increase in the acidity of the 
medium tended to penetrate the cell membrane at a faster rate. But, 
the appearance of this same effect on an isolated enzyme system, which 
was minus the cell, led to the belief that the pH effect upon respi¬ 
ration could not be explained on the basis of permeability alone. 
Stannard and Horecker ’48, demonstrated the fact that the enzymatic 
oxidation of ferrocytochrome "c" could be completely inhibited by both 
azide and cyanide when a spectrophotometrio test system and cell free 
homogenate were used. They further found that the properties of the 
reactions between enzyme and inhibitor were similiar for the two sub¬ 
stances* There was neither an "azide stable" fraction nor other differ- 
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ence between the two as used in this work comparable to what was re¬ 
ported on intact tissue by Stannard ’39, and Ames ’46» Neither was 
there an azide stable fraction to be expected from the inhibitory com¬ 
plex described by Ball *42, 
Unless the azide-complex of cytochrome oxidase had behaved differ¬ 
ently in vivo, there was sufficient reason for the belief that it could 
not oxidize cytochrome ”oM and hence could not account for the residual 
respiration obtained in the presence of azide. It is believed that the 
inhibitory effects produced by azide and cyanide with respect to the in¬ 
fluence of pH was, that with a change toward the acid side there resulted 
a corresponding change in the concentration of the free acid. Stannard 
and Horecker '48, believed that there existed a definite relationship 
of free acid to total sodium azide and azide ions and that relatively 
speaking, the quantity of this acid under wnet a larger increase when 
the hydrogen ion concentration was increased, hhen they changed the 
hydrogen ion concerntration from a pH of 7.4 to 5.4 the azide ion con¬ 
centration changed from 0.17 to 0.002. 
It was necessary for a hundred-fold change in the concentration of 
ions to change the inhibitory effects resulting from the small change 
in the pH of the medium. This substantiated their belief that the only 
quantitative change which resulted came as a result of the free acid 
concentration. 
Ihese same investigators found that cyanide did not show any change 
in inhibitory effects when the hydrogen ion concentration was increased 
because its free hydracyanic acid was found to have a low dissaciation 
constant, 7.2 / 10“^ at 25 degrees centigrade, as compared with hydra- 
zoic acid, 1.9 / 10“® at the same temperature. Most of the cyanide 
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present in its solution is in the form of hydracyanic acid since it 
was shown that 86$ of the inhibitor exists in the ionized form in solu¬ 
tions of ,1 Molar concentration or less. 
Evidence in support of the fact that the hydracyanic and hydrazoic 
acids were the active inhibitors involved in the depression of the 
oxidative process was given by Stannard and Horecker '48, They sub¬ 
jected intact cells of frogs to solutions of hydrochloric acid, which 
did not contain an inhibitor. A stimulating effect was noted. At a 
pH of 7.4 the uptake of oxygen was found to be 1.56 emm per mg. of war 
weight per hour as compared with an uptake of 6.98 cmm per mg. of wet 
weight per hour at a pH of 5.4. 
It is to be noted that the inhibitory effect resulting from hydra¬ 
cyanic and hydrazoic acids counter the action of hydrochloric acid, 
which stimulates repiration. 
Kilpatrick *35, accounts for the influence of the pH factor, less 
its added inhibitors by the following equations: 
1. Acid ^ ^ Ease / Proton 
2. Reduotant~ " ^ Oxidant / Electron 
3. Hydrogen atom^pz ~ ^ Proton / Electron 
These equations showed that the acid differed from the base in that 
it contained the proton, Hj while the oxidation-reduction process de¬ 
pended upon the transfer of an electron, which came as a result of 
equation $3, According to these equations, one would expect a stimu¬ 
lation of the oxidative-reductive process when there was an increase 
in the hydrogen ion concentration. 
CHAPTER VI 
SUMMARY 
1. Sodium azide and sodium cyanide cause respiration inhibition in the 
Orvzias latipes by blocking the enzymatic oxidation of ferrocyto- 
chrome "c". 
2. The difference in effect of on respiratory inhibition by the 
two inhibitors was caused by a difference in the pK's of the two 
reagents» 
3» Azide inhibition increases with the acidity of the medium» 
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